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INTRODUCTION 
Preamble 
The crisis in agriculture is bringing about dramatic 
changes in corn growers' approaches to crop production. 
Corn growers are actively pursuing new strategies based more 
upon maximum profit and more sophisticated marketing 
techniques. As a part of this strategy, they are reducing 
production costs when advisable and are also attempting to 
reduce risk in both marketing and production. Most growers 
are familiar with the concept of maximum economic yield and 
are selecting management strategies which will sustain high 
yields under both favorable and unfavorable environmental 
conditions. 
Since the early 1950s, the average yield of corn per 
acre has increased progressively. While the trend of 
increased yield has continued in the 1970s and 1980s, there 
has also been a variability in precipitation from one year 
to another which has increased the risk to corn growers. 
With the exception of 1983, temperature patterns in Iowa 
within an individual season demonstrate minimal variation 
from year to year. Most of the yield variation in agronomic 
crops appears to be due to variation in precipitation during 
the growing season (Doggett, 1970), subsoil moisture 
supplies, and water holding capacity of the soil within 
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an area. In the years 1985 and 1986 when rainfall was 
generally abundant in Iowa, there was a positive response to 
adopting improved technology in the use of fertilizers, 
seed, insecticides, and herbicides. However, in years of 
inconsistent rainfall, i.e., 1983, the cost of these 
additional technologies often exceeded the benefits in terms 
of economic return. 
To reduce yield variability and its concomitant risk, 
several options may be considered by the corn grower. The 
obvious technical input for corn growers would be to develop 
an irrigation system. However, over wide growing areas this 
has not been practical because of adequate rainfall in most 
seasons, the cost of the system, and considerations of water 
quality and availability. In areas of lower rainfall, 
growers have obtained more efficient use of water by 
adopting reduced tillage or no-till methods which have given 
yields equal to or higher than conventional tillage methods 
(All and Gallaher, 1976); (Doupnik and Boosalis, 1980). 
Split applications of nitrogen are used with the rate of the 
second application being dependent upon the potential for 
favorable growing conditions during the remainder of the 
season. Under conditions of high subsoil moisture, above 
average soil productivity, early planting and weather, 
patterns indicating adequate rainfall, a grower would be 
advised to increase nitrogen and plant populations to higher 
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levels. 
The grower has an option of choosing from a myriad of 
corn hybrids with varying degrees of response to stress or 
favorable growing environments. Under "ideal" growing 
environments, high yield would be the most important 
criterion in variety selection with yield stability a 
secondary factor in selection. Under less than favorable 
conditions, Brakke et al. (1983) suggested that risk can be 
reduced and that maximum corn yields can be achieved by 
developing and selecting cultivars for each cropping system 
in distinct environments. 
Statement of the Objectives 
The general objective of this study was to examine the 
potential for reducing risk for corn growers in Iowa by the 
use of stability analysis in the selection of corn hybrids. 
The specific objectives were to provide answers to the 
following questions: (1) Are there differences in yield 
stability (b values as calculated by linear regression) 
among corn hybrids used by growers in Iowa?; (2) What is 
the range of yield stability among corn hybrids?; (3) Do 
hybrids exist which have both high stability and yield?; 
(4) How many environments are required to estimate the 
future yield stability of a hybrid?; (5) Is there a 
relationship between yield stability and maturity as 
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measured by percent kernel moisture at harvest?; (6) What 
relationship, if any, exists between yield stability and 
stalk lodging?; (7) Is it possible to use yield stability 
as a technique to predict future yields? 
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LITERATURE REVIEW 
The Use of Stability Analysis Statistics 
Yield stability analysis has been widely used as a means 
of determining the interaction of crop yields with growing 
environments. Saeed and Francis (1983) stated a working 
definition of yield stability among cultivars as follows: 
"an ideal cultivar would be adapted to a wide range of 
growing conditions in a given production area, with above 
average yield and below average variance across 
environments." Yield stability has been determined by 
regressing the crop grain yields on an environmental index 
which is calculated by the mean of all cultivars at a 
specific location and growing season. 
Stability Analysis in Cultivar Selection 
A review by Lin et al. (1986) addressed the use of 
stability statistics and attempted to clarify the use of 
these statistics in the development of cultivars capable of 
withstanding environmental stresses. In this review, the 
author described a genotype to be stable if it met three 
criteria: "(1) if the among-environment variance is small; 
(2) if its response to environments is parallel to the mean 
response of all genotypes in the trial; (3) if the residual 
mean square from a regression model on the environmental 
index is small." 
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Two statistics described by Lin are useful in measuring 
biological differences in the genotype x environment 
interaction. These are the variance and coefficient of 
variation (CV%) as used by Francis and Kannenberg (1978a). 
Lin indicated that the use of these statistics is 
theoretically sound but not frequently used by crop breeders 
as a measure of homeostasis. The breeder would like to 
select cultivars which have both high yield and low 
variance. Lin indicated that data showing a small 
among-environment variance have often been associated with a 
low yield and a poor environmental response. High yielding 
cultivars may have a wider variance under some environmental 
conditions. The ideal cultivar would be one with both high 
yield and high stability across environments, as found by 
Wang and Wu in their 1983 rice studies. 
Finlay and Wilkinson (1963) and Gray (1982) used the 
coefficient of regression (b) as a stability parameter. The 
yield of a genotype was regressed on an environmental index 
which was calculated as the difference between the means of 
genotypes within each environment. In Lin et al.'s, (1986) 
view, it is desirable to select for cultivars which will 
give high levels of performance across a wide range of 
environments but in practice this is difficult to achieve. 
Crop breeders are more likely to select several less widely 
adapted cultivars and then grow them separately in different 
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environments to achieve maximum economic yield. Allard and 
Bradshaw (1964) suggested that the environmental variation 
could be divided into two components, one arising from the 
character of the location and the second arising from 
weather conditions. They indicated that where the 
predictable variation was large, it should be divided into 
several subregions and that the development of cultivars for 
each region would be effective. 
Hill (1975) reported that quantitative traits examined 
by regression analysis are heritable. He reasoned that 
since the genotype by environment interactions are 
controlled by the genotype as well as the environment it was 
logical that the interactions are also in part heritable. 
Finlay and Wilkinson's (1963) simple regression approach 
found that much of the genotype x environment interaction 
could be accounted for by the liner regression of genotype 
response on an environmental mean. This suggested that the 
regression coefficients can be used to describe the response 
of different cultivars to environments. Becker (1981) and 
Tahara (1985) stated that the use of heritability of 
regression parameters in the selection of cultivars would 
require proof over several years and locations to be of 
practical value in a selection program. He reported a high 
repeatability of yield stability in maize for grain yield 
but a poor repeatability for small grains. 
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Stability Analysis in Maize 
The statistic has been used internationally to measure 
adaptability in agronomic crops, especially maize, in 
semitropical and tropical environments to unfavorable 
growing conditions Subandi (1982). Arkel's 1980b studies in 
Kenya estimated that the most important environmental factor 
affecting crop yield was rainfall; however, precipitation 
explained only 50% of the yield difference. He attributed a 
part of the difference to temperature and planting date but 
found no significant difference in either grain or forage 
yield due to elevation differences. 
Hildebrand (1984) used a modified stability analysis of 
farmer-managed on-farm trials to determine responses of 
local adapted and improved composite maize cultivars in 
Malawi. A 2 x 2 factorial analysis of two maize and two 
nitrogen fertilizer treatments were used and a marked 
significant response to fertilizer was observed. The 
composite was found to have greater yield in the favorable 
environments with or without fertilizer. In the less 
favorable environments, the local cultivars demonstrated a 
greater yield stability than the composite. Hildebrand 
suggested that 14 test environments were approaching a 
minimum number for accurately estimating treatment 
differences with 8-10 probably being too few. 
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The yield stability index has been useful in determining 
the adaptability of maize in temperate regions as indicated 
in studies by Lee et al. (1983), Bohm and Schuster (1985), 
and by Francis and Kannenberg, (1978b) who used it as a 
seler^ion technique with early varieties of corn in Canada. 
Mean yields of varieties across environments were used 
by Eberhart and Russell (1966) to measure yield stability. 
They reported that, "An index independent of the 
experimental varieties and obtained from environmental 
factors such as rainfall, temperature, and soil fertility 
would be desirable. Our present knowledge of the 
relationship of these factors and yield does not permit the 
computation of such an inde". Until we can measure such 
factors in order to formulate a mathematical relation with 
yield, the average yield of the varieties in a particular 
environment must suffice. However, the varieties must be 
grown in an adequate number of environments covering the 
full range of possible environmental conditions if the 
stability parameters are to provide useful information" 
(Eberhart and Russell, 1966). 
Stability Analysis in Selected Crops 
The use of yield stability analysis has been reported to 
a lesser extent in soybeans rhan in corn. In soybeans 
• (Glycine max L.), Singh and Chaudary (1985) reported 
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the use of stability analysis on 32 genotypes to identify 
cultivars which would be suitable for cultivation in 
unfavorable environments. Several workers have reported 
that mixtures of soybean cultivars generally are more stable 
for yield than are pure stands. (Schultz and Brim, 1971; 
Probst, 1957; Caviness, 1974). 
In an Iowa study (Walker and Fehr, 1978), eighty entries 
from 28 high-yielding soybean lines were tested at six 
locations in mixtures with 12 levels of heterogenity. They 
determined that there was no significant difference between 
soybean mixtures and those grown in pure stands. Using a 
regression of yield on an environmental index, they 
concluded that there was no significant difference from 
unity among the entries. 
Breeding and testing programs in agronomic crops other 
than maize have used the stability analysis statistic. In 
Nebraska, Heinrich et al. (1985) studied mechanisms 
contributing to yield stability in grain sorghum and 
reported no significant correlation between rainfall and 
early stages of development; however, there was a positive 
response related to grain weight. 
In wheat (Triticum aestivum L.), several researchers 
have reported using the linear regression model in the 
analysis of data on grain yield; Brennan and Byth (1979), 
Campbell and Lefever (1977), Johnson et al. (1968), and 
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Kaltsikes and Larter (1970). Bhullar et al. (1977) applied 
stability analysis as a selection technique in wheat. 
Limited use of stability analysis is evident in the 
recent literature of sunflower (Helianthus annus L.) 
although Sen et al. (1985) reported a significant linear 
cultivar x environment component in a study of seven 
cultivars of sunflowers over five seasons. 
Recent studies using stability analysis have been 
reported in rice (Oryza sativa L.) by Nakanishi et al. 
(1983). Wang and Wu (1983) compared nine rice cultivars at 
nine sites and concluded that the cultivars could be divided 
into four types with response to environment; those with 
high stable yields, those with relatively high stable 
yields, those with high unstable yields and those with low 
unstable yields. Chauha (1984) reported differences in 
yield stability among 30 rice cultivars under both upland 
and irrigated conditions and selected a cultivar having both 
high and stable yields under stress conditions. 
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MATERIALS AND METHODS 
Locations and Years 
Grain yield, moisture percentage and stalk lodging data 
obtained from the Iowa Corn Yield Test conducted during the 
consecutive years 1982-1986 were used for this study (Ziegler 
1982-1986). Iowa State University conducts a test each 
growing season of the corn hybrids submitted by seed 
companies which sell hybrid seed corn in the state of Iowa. 
The Iowa Corn Yield Test was conducted within seven 
geographical districts differing in the length of growing 
season and the annual precipitation. The tests were 
conducted on 17 farms representative of the area. The 
locations of the tests were Sheldon, Rossie, Thompson, Rudd, 
Waukon, Rolf, Holland, Ryan, Salix, Westside, Ogden, 
Grinnell, Clarence, Cedar, Mount Union, Malvern and Corning. 
In 1984, the Salix and Corning tests were moved to Sloan and 
Winterset, respectively. A number of the trials were not 
used in the analysis of the data. In these tests the hybrids 
were divided into early and late maturities and in some cases 
one or both hybrid maturities were not available for this 
analysis. To have used only a part of the data would have 
limited the number of hybrids from these districts for the 
five years of data required in the study. These were field 
tests at Corning and Winterset in 1982, the tests at 
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Pocahontas and at Ogden in 1983, the Winterset and Ogden 
tests in 1984, the tests at Sheldon in 1985, and the Waukon 
location in 1986 (Table 1). 
Field Design 
The Iowa Corn Yield Test was conducted on growers' farms 
using field practices appropriate for the district. In the 
eastern Iowa corn growing districts (2,3,5 and 6), 70,000 
kernels per hectare were planted (Ziegler 1982-1986). The 
western Iowa districts (1,4,and 7), which generally have less 
precipitation, were planted at 63,750 kernels per hectare. 
Fertility, planting and harvesting date vary by location 
resulting in separate environments. 
The trials involve either a rectangular or square lattice 
experimental design. The hybrids were replicated four times 
at each location in four row plots 5.47 meters long with the 
area of the center two rows harvested for yield and moisture 
data. Row widths were usually 76.2 centimeters with some 
exceptions at 91.4 centimeters. Data are obtained for yield 
in pounds per plot and converted to kilograms per hectare 
corrected to 15.5 % moisture, root lodging, stalk lodging, 
ear drop and stand percentage. 
Hybrids Analyzed 
Iowa State University selects 15 widely grown hybrids 
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each year from survey results obtained in each of the 
seven corn growing disticts in the state. A maximum of three 
of these widely grown hybrids from each seed company are 
given priority in the test. A seed company may enter a 
maximum of six hybrids within each district for testing. The 
1985 test listed 260 hybrids in districts three and five. 
Because of the large number of entries, the varieties were 
grouped according to early to medium maturity and medium to 
late maturity at some locations. 
In this study, the hybrids selected for analysis in the 
Iowa Corn Yield Test were grouped by the seven districts in 
the state. Only those hybrids common to the five year period 
from 1982-1986 were used for analysis. 
Each of the hybrids was replicated four times at each 
location. Districts 1, 4, 6, and 7 have two locations and 
districts 2, 3, and 5 have three locations. This would give 
a potential for a total of 40 and 60 replications 
respectively in these districts for the 5 year period. 
Statistical Analysis 
A modified stability analysis used by Hildebrand (1984) 
was used as a model in this study. An environmental index 
was calculated from the hybrids common for the 5 year period 
within each district (Table 29). This environmental index 
was determined as the mean of these selected hybrids for 
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each year at each location within the district. The number 
of locations varied by district and by growing season. The 
mean yield of each hybrid was regressed on the environmental 
index using the model Y = a + bx. The regression 
coefficients, or b values, are used to determine the best 
estimate of yield stability (b) for a hybrid within a 
district. In this study, the average b value for a group of 
hybrids is one. A b value of less than one would predict a 
high stability in yields across unfavorable environments. A 
b value greater than one would predict a high response to 
favorable growing conditions. 
The estimated b values for the years 1982 through 1986 
were coded as 1982 (2), 1983 (3), 1984 (4), 1985 (5) and 1986 
(6), and were analyzed in all combinations for 2 through 2 
years by linear regression against the b values for the five 
years of the test to determine the number of years and 
environments required to make a useful estimate of b. For 
each of the combinations of 2, 3, 4, 5 and 6 years, a 
correlation value was determined within each district. This 
correlation value was regressed against the standard error of 
the environmental variation to determine the least number of 
environments required to predict the future value of b. This 
would also be an indicator of the number of environments 
required to estimate future yields. 
The b values of the hybrids were regressed on the 
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moisture percentage of the harvested grain using linear, 
quadratic and cubic regression models to determine the 
significance of the regression between hybrid maturity and 
the stability of the hybrid as calculated by the five year 
combined b value. The same models were used to 
determine the relationship between stalk lodging and 
stability of the hybrid. Regression analysis was also used 
to examine the relationship between stalk lodging and 
moisture percentage. 
Regression analysis was used to predict the reliability 
of using the combined values of the regression coefficients 
of each hybrid in 1984 and 1985 to estimate the grain yields 
for the hybrids in 1986. 
A linear regression model, Y = a + bx was used was used 
to predict grain yields. The 1986 yields were predicted by 
using data from 1984 and 1985. The prediction used data 
combined from districts of a similar latitude which would use 
hybrids of a similar maturity. The data from Districts 1 and 
3, 4 and 5, and 6 and 7 having hybrids of similar maturity 
were combined. The data were combined because of the large 
number of hybrids and common hybrids available in these 
districts. 
The prediction equation used mean values of a and b for 
each hybrid common to the two districts. The value of x was 
the environmental index for the two years used in the 
17 
prediction. 
All computations were made using the Statistical Analysis 
Systems at the Iowa State University Computation Center. 
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RESULTS AND DISCUSSION 
Regression Analysis of Grain Yield 
on the Environmental Index 
Grain yield data were selected from the corn hybrids 
tested in each of the years 1982-1986 from the Iowa Corn 
Yield Test. The hybrids were grouped within seven districts 
which differ in length of growing season and annual 
precipitation (Table 1). There were 170 hybrids selected for 
this study with a range of 15 hybrids from District 4 in west 
central Iowa to 37 hybrids in District 5 which includes 
central and eastern Iowa (Tables 4-10). The hybrids selected 
were common to each district for the 5 years of the test. 
These hybrids were coded by a,Key number. The environmental 
index was calculated using Hildebrand's (1984) technique 
which was the mean grain yield of all hybrids at a farm 
location within a district for each growing season (Table 
29). The combinations of environments and years are listed 
by district in Table 2 and the standard error of the 
environmental variation in kg/ha is provided in Table 3. 
The first objective of this study was to determine if 
there are differences in the yield stability of corn hybrids 
used by corn producers in the state of Iowa. The b values 
were determined using linear regression analysis of the grain 
yield of the 170 selected hybrids against the environmental 
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Table 1. Test years and locations of the Iowa corn yield 
report 1982-1986 
Crop Years 
District Hybrids 1982 1983 1984 1985 1986 
Sheldon 
Rossie 
210 + 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Thompson 
Rudd 
Waukon 
145 + 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Rolf 260 
Holland 
Ryan 
Salix/Sloan 145 
Westside 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Ogden 
Grinnell 
Clarence 
260 + 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Cedar 
Mount Union 
145 + 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
Malvern 145 
Corning/Winterset 
+ 
+ 
+ 
+ 
+ 
+ 
+ Indicates a location and year used in the analysis, 
- Indicates that data were not used in the analysis. 
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Table 2, Combinations of environments by districts in 
the Iowa Corn Yield Test regressed by years to 
determine yield stability 
n - environments 
District 
Crop 
Years 
(1982-86) 12 3 4 
n 
2345 7 12 11 8 10 8 9 
2456 7 11 12 8 11 8 9 
2356 7 11 11 8 11 8 10 
2346 8 11 11 8 10 8 9 
3456 7 11 11 8 10 8 11 
234 6 9 8 6 7 6 6 
235 5 9 8 6 8 6 7 
236 6 8 8 6 8 6 7 
245 5 9 9 6 8 6 6 
246 6 8 9 6 8 6 6 
256 5 8 9 6 9 6 7 
345 5 9 8 6 7 6 8 
346 6 8 8 6 7 6 8 
356 5 8 8 6 8 6 9 
456 5 8 9 6 8 6 8 
23 4 6 5 4 5 4 4 
24 4 6 6 4 5 4 3 
25 3 6 6 4 6 4 4 
26 4 5 6 4 6 4 4 
34 4 6 5 4 4 4 5 
35 3 6 5 4 5 4 6 
36 4 5 5 4 5 4 6 
45 3 6 6 4 5 4 5 
46 4 5 6 4 5 4 5 
56 3 5 6 4 6 4 6 
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Table 3. Standard error of the environmental variation 
(kg/ha) 
(rounded to nearest whole number) 
Years District 
(1980s) 
1 2 3 4 5 6 7 
2345 1686 1154 1714 1520 2225 2853 2269 
2456 1797 1206 1063 1152 808 555 1489 
2356 1568 1186 1713 1685 2122 2907 2112 
2346 1562 1025 1727 1380 2038 2767 2113 
3456 1927 1206 1815 1711 2189 2915 2177 
234 1383 765 1773 1085 2435 3011 2081 
235 1574 1220 1912 1771 2494 3240 2379 
236 1425 1121 1919 1607 2216 3107 2194 
245 1805 1240 1114 1172 503 573 1689 
246 1639 1137 1103 990 730 431 1666 
256 1249 1078 787 1122 884 628 877 
345 1975 1196 1978 1777 2632 3257 2379 
346 1766 1015 2000 1600 2229 3127 2183 
356 1906 1186 1998 1974 2418 3337 2225 
456 2081 1222 1159 1268 943 573 1591 
23 1114 915 2164 1285 2808 3343 2134 
24 1605 915 1052 533 361 288 2059 
25 1106 1209 891 1241 453 700 453 
26 1177 1197 798 1031 822 540 1069 
34 1386 308 2078 1105 2877 3398 1983 
35 2157 1288 2443 2261 3125 3848 2555 
36 1766 1179 2462 2032 2360 3591 2304 
45 2523 1325 1305 1426 1191 610 1888 
46 2078 1209 1286 1208 1590 458 1844 
56 1586 421 606 1070 1092 644 941 
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Table 4. District 1. Regression analysis of grain yield 
of corn hybrids against the environmental index 
Obser- Hybrid Inter- B23456 B Std. 
vation Key cept Error 
1 89 - 40.7 1.02844 0.122994 
2 184 - 585.1 1.10542 0.073909 
3 230 - 191.0 1.04155 0.102502 
4 237 1420.6 0.78020* 0.088730 
5 287 - 418.7 1.00590 0.104073 
6 376 - 902.3 1.11832 0.095698 
7 449 -702.8 1.09927 0.095261 
8 488 729.6 0.87934+ 0.072117 
9 522 - 531.6 1.11103 0.068008 
10 674 2137.7 0.73108+ 0.152168 
11 688 -286.7 1.03045 0.093839 
12 737 -807.3 1.10770** 0.034870 
13 765 -294.6 1.06120 0.056198 
14 794 -383.3 1.05650 0.073529 
15 953 770.8 0.93138 0.128246 
16 2001 1817.1 0.72446* 0.137278 
17 2002 -541.6 1.03955 0.102879 
18 2041 -191.2 1.00336 0.111058 
19 2084 356.4 0.92719 0.127128 
20 2086 -2416.9 1.33461** 0.114984 
21 2114 688.0 0.95179 0.113988 
22 2140 905.5 0.81314** 0.058213 
23 2146 1127.3 0.87091 0.101548 
24 2149 -1659.2 1.24722* 0.115434 
+,*,** Indicates significant at the 0,10, 0.05 and 0. 
levels of probability, respectively. 
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Table 5. District 2. Regression analysis of grain yield 
of corn hybrids against the environmental index 
Obser- Hybrid Inter- B23456 B Std. 
vation Key cept Error 
25 89 549.0 0.97903 0.097680 
26 105 -778.1 1.10386 0.062730 
27 146 -1023.2 1.10298 0.129166 
28 184 -1082.1 1.11927 0.110137 
29 237 1068.6 0.89601 0.128734 
30 287 351.2 0.91655 0.073511 
31 376 619.2 0.93800 0.072753 
32 445 -965.4 1.11744 0.109186 
33 522 -993.8 1.15363* 0.071272 
34 666 159.9 1.00471 0.120624 
35 679 1644.4 0.84382+ 0.110343 
36 732 -514.0 1.06619 0.102302 
37 765 857.5 0.92558+ 0.051684 
38 773 625.8 0.85090 0.103954 
39 841 364.2 0.95929 0.103205 
40 951 -307.1 1.00163 0.096394 
41 2022 673.6 0.96724 0.063949 
42 2040 -1898.7 1.17890 0.107704 
43 2086 -477.9 1.06528 0.091397 
44 2132 3190.4 0.65985** 0.089926 
45 2140 -803.0 1.04610 0.092735 
46 2175 -1260.5 1.10372 0.092735 
+,*,** Indicates significant at the 0.10, 0.05 and 
0.01 levels of probability, respectively. 
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Table 6. District 3. Regression analysis of grain yield 
of corn hybrids against the environmental index 
Obser­ Hybrid Inter­ B23456 B Std. 
vation Key cept Error 
47 63 224.2 0.94515 0.089462 
48 106 -921.1 1.16220+ 0.088493 
49 113 379.1 0.97066 0.109753 
50 146 -622.1 1.04348 0.083782 
51 178 -1507.7 1.18414** 0.051390 
52 184 -22.2 0.98020 0.057840 
53 189 713.6 0.92601 0.081859 
54 228 940.3 0.97905 0.105587 
55 230 . -2.3 0.98615 0.093556 
56 237 2087.8 0.70521** 0.081331 
57 287 690.9 0.83075* 0.068096 
58 288 -1444.8 1.13869 0.087271 
59 290 -560.8 1.08644 0.085827 
60 302 -27.3 1.04628 0.087255 
61 522 -424.9 1.05730 0.065576 
62 663 1301.9 0.84130* 0.073497 
63 668 513.2 0.94178 0.094629 
64 737 -166.0 1.05282 0.049134 
65 765 -350.6 1.00912 0.045872 
66 794 1222.1 0.84731+ 0.090977 
67 806 -1704.3 1.21859* 0.102091 
68 922 1332.8 0.83070** 0.059728 
69 946 -1141.3 1.16898+ 0.095283 
70 953 -580.8 1.11221 0.093710 
71 981 -530.4 1.07140 0.049698 
72 2004 -1028.4 1.15709+ 0.087751 
73 2041 223.2 0.93114 0.070935 
74 2086 720.7 0.88739** 0.051259 
75 2095 1321.6 0.89769 0.108192 
76 2107 -1375.4 1.17796** 0.060395 
77 2140 1239.7 0.73398** 0.070332 
78 2146 -500.7 1.07880 0.073368 
+,*,** Indicates significant at the 0.10, 0.05 and 
0.01 levels of probability, respectively. 
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Table 7. District 4. Regression analysis of grain yield 
of corn hybrids against the environmental index 
Obser­ Hybrid Inter­ B23456 B Std. 
vation Key cept Error 
79 164 -1565.0 1.17199+ 0.088586 
80 178 -707.6 1.10007 0.072478 
81 189 -70.6 0.98955 0.058585 
82 290 -1622.5 1.16444* 0.077016 
83 294 764.8 0.96597 0.097836 
84 302 -1200.6 1.14237 0.100874 
85 488 1029.6 0.82225 0.140544 
86 608 -150.5 0.99671 0.098939 
87 737 -1327.4 1.13609 0.118981 
88 746 1336.4 0.87039 0.099301 
89 806 -233.8 1.06587 0.126411 
90 953 943.2 0.91126 0.080589 
91 2001 2744.4 0.62898** 0.102264 
92 2041 1978.8 0.73942* 0.102740 
93 2048 -639.9 1.17705* 0.083325 
94 2142 -1279.4 1.11759 0.133300 
+,*,** Indicates significant- at the 0.10, 0.05 and 
0.01 levels of probability, respectively. 
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Table 8. District 5. Regression analysis of grain yield 
corn hybrids against the environmental index 
Obser­ Hybrid Inter­ B23456 B Std. 
vation Key cept Error 
95 75 496.4 0.92804 0.075607 
96 106 -369.1 1.01208 0.075776 
97 113 -788.1 1.11377 0.082248 
98 178 -986.7 1.06977 0.085824 
99 179 202.6 0.99247 0.072889 
100 189 795.3 0.87955** 0.046072 
101 228 217.8 1.02892 0.132599 
102 288 1295.3 0.82736* 0.093028 
103 290 1193.0 0.88777* 0.047123 
104 294 -891.0 1.13103* 0.052686 
105 302 -782.5 1.03655 0.054845 
106 326 213.1 0.94366 0.120634 
107 449 358.1 0.88128** 0.066928 
108 666 548.8 0.90198 0.087794 
109 737 -1076.8 1.07835 0.061438 
110 . 746 1761.7 0.85057** 0.063819 
Ill 757 -168.4 1.00995 0.074029 
112 769 596.0 0.98752 0.111335 
113 806 -965.8 1.07626 0.050429 
114 810 -1790.8 1.19814+ 0.108467 
115 887 1237.5 0.90051 0.098740 
116 908 346.4 1.01953 0.089522 
117 946 -205.1 1.02632 0.079009 
118 953 200.3 0.97206 0.058989 
119 981 -990.3 1.09212 0.073062 
120 989 -402.8 1.05575 0.081123 
121 2015 -379.8 1.06433 0.067500 
122 2041 -351.8 0.96957 0.096830 
123 2048 1704.8 0.91162 0.096543 
124 2057 -641.3 1.10545+ 0.060926 
125 2095 -245.1 1.06307 0.063264 
126 2099 283.7 0.97378 0.080934 
127 2108 -690.0 1.10011 0.077653 
128 2118 65.1 1.01588 0.094366 
129 2142 -564.3 1.00791 0.047307 
130 2146 -899.1 1.06793 0.058562 
131 2163 1673.0 0.81903* 0.070546 
+,*,** Indicates significant at the 0.10, 0.05 and 
0.01 levels of probability, respectively. 
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Table 9. District 6. Regression analysis of grain yield 
of corn hybrids against the environmental index 
Obser­ Hybrid Inter­ B23456 B Std. 
vation Key cept Error 
132 125 915.4 0.91140+ 0.057442 
133 294 -1056.9 1.13422 0.078423 
134 302 -615.3 1.04071 0.055728 
135 329 483.1 0.98025 0.075411 
136 420 281.8 0.99895 0.049723 
137 737 -1366.5 1.10786+ 0.052075 
138 746 1368.7 0.84977+ 0.083890 
139 791 1285.0 0.82092** 0.026217 
140 806 -1337.6 1.10537 0.067373 
141 810 -1678.4 1.14346+ 0.074965 
142 814 1264.2 0.83010** 0.047499 
143 908 285.7 0.99837 0.053211 
144 953 -775.3 1.05930 0.061845 
145 965 -257.7 1.07937 0.073447 
146 981 -1464.2 1.11740+. 0.049792 
147 989 605.1 0.93840 0.049163 
148 2048 1382.7 0.88604* 0.043821 
149 2057 726.3 • 0.96679 0.051380 
150 2099 -225.8 1.06382 0.045490 
151 2108 345.2 0.99098 0.061603 
152 2142 -165.4 0.97652 0.036300 
+,*,** Indicates significant at the 0.10, 0.05 and 
0.01 levels of probability, respectively. 
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Table 10. District 7. Regression analysis of grain yield 
of corn hybrids against the environmental 
index 
Obser- Hybrid Inter­ B23456 B Std. 
bvation Key cept Error 
153 120 -130.3 1.08717 0.070277 
154 125 534.2 0.95570 0.082331 
155 294 -21.5 1.03516 0.079830 
156 302 -277.3 0.98726 0.088518 
157 608 -314.3 1.01199 0.090516 
158 709 778.6 0.82277** 0.056215 
159 737 -393.8 1.02258 0.065165 
160 746 526.8 0.95331 0.048764 
161 806 -526.7 1.04477 0.034913 
162 810 -1081.5 1.12045 0.076495 
163 908 792.5 0.93000 0.079330 
164 965 620.1 0.96179 0.056764 
165- 2001 822.8 0.83203* 0.079886 
166 2057 -90.8 1.03712 0.075843 
167 2101 -293.0 1.05565 0.048690 
168 2108 -635.8 1.10880 0.070883 
169 2118 -302.8 1.06237 0.069897 
170 2142 -9.0 0.96809 0.086023 
+,*,** Indicates significant at the 0.10, 0.05 and 
0.01 levels of probability, respectively. 
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Figure 1. Regression of grain yield of hybrids 2086 
and 674 on the environmental index in 
District 1 of the Iowa Corn Yield Test for 
1982-86 
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Figure 2. Regression of grain yield of hybrids 2140 
and 806 on the environmental index in 
Distict 3 of the Iowa Corn Yield Test for 
1982-86 
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Figure 3. Regression of grain yield of hybrids 294 
and 2001 on the environmental index in 
District 4 of the Iowa Corn Yield Test 
for 1982-86 
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Figure 4. Regression of grain yield of hybrids 294 
and 2163 on the environmental index in 
District 5 of the Iowa Corn Yield Test 
1982-1986 
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Figure 5. Regression of grain yield of hybrids 791 and 
810 on the environmental index in District 
6 of the Iowa Corn Yield Test for 1982-86 
34 
Yield 
kg/ha 
10900+ 
10300+ Hybrid 8100 
Y = 1285 + 1.12X 
9700+ 
9100+ 
8500+ 
7900+ 
7300+ 
6700+ Hybrid 709 ® 
Y = 1678 + 0.82% 
6100+ 
5500+ 
4900+ 
4300 
4900 5500 6100 6700 7300 7900 8500 9100 9700 10300 
Environmental Index 
kg/ha 
Figure 6. Regression of grain yield of hybrid 810 
and 709 on the environmental index in 
District 7 of the Iowa Corn Yield Test 
1982-1986 
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index (Table 29). Finlay and Wilkinson (1963) used this 
approach and found that they could account for much of the 
genotype x environment interaction by using a similar linear 
regression model. In each of the seven districts, hybrid b 
values were found to be significantly different than one at 
the 0.1, 0.05 and 0.01 levels of probability (Tables 4-10). 
Most of the hybrids followed Lin's et al. (1986) first and 
second criteria for their concept of yield stability, having 
mean b values of one, or responses parallel to the mean 
response of all hybrids within a district. Approximately 25 
percent of the hybrids were found to have yield stability 
differences significantly greater or less than one. 
Twenty-eight hybrids, those having a b value less than one, 
were found to have a high yield stability and responded less 
to year x location effects. Nineteen hybrids had a low yield 
stability index as indicated by a b value significantly 
greater than one. These hybrids had a greater response to 
environmental effects. 
Hybrids representative of 6 Iowa districts having both 
high and low yield stability indices are shown graphically in 
Figures 1-6. The unusually hot and dry weather in 1983 
created isolated data points to the lower left quadrants of 
the graphs apart from most of the other data points. All the 
graphs have a considerable spread in the data points for the 
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grain yield and environmental index for the year 1983 at most 
locations because of unusually high heat and water stress. 
A high environmental index in 1983 would be due to 
sporatic but well-timed rainfall at an individual test 
location. Weather conditions at most locations were not as 
extreme in the other four years of the test, 1982, 1984, 1985 
and 1986 which resulted in data clustered in the upper right 
quadrant of the graphs. 
In Figure 1, hybrid 2086, with a low yield stability 
index (high b value), responded to an unfavorable environment 
by a decreased yield. In more favorable environments, it 
exceeded the yield of the more stable hybrid, 674. Figures 
2, 3, 4, and 6 indicate the same trend with the exception of 
hybrid 2140 in Figure 2, which gives evidence of higher 
yields across both favorable and less favorable environments. 
The b value and overall grain yield would indicate a response 
to high environment and management conditions. Hybrid 2140 
would approach Wang and Wu's (1983) description of an ideal 
cultivar which responds well in both favorable and 
unfavorable environments. 
The hybrids with b values significantly different than 
one were clustered into four groups (Tables 11-14) similar to 
the grouping by Wang and Wu (1983). These groups consisted 
of hybrids with low stability and high yield (Table 11), 
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those with low stability and low yield (Table 12), high 
stability and high grain yield (Table 13), and those with 
high stability and low grain yield (Table 14). 
The hybrids in Table 11, having a low yield stability but 
above average yields, are responsive to the positive effects 
of good management and favorable environmental conditions. 
These hybrids would be favored by the grower with high levels 
of fertility, excellent subsoil moisture and the prospect of 
average or above average soil moisture through tasseling and 
kernel development. 
Hybrids with below average yields and demonstrating a 
tendency to perform poorly in unfavorable environments are 
listed in Table 12. Under most environments, these hybrids 
had lower yields than the environmental index found in Table 
29. 
The hybrids found in Table 13, those with a high 
stability and high grain yield, fit the definition of the 
ideal cultivar which "would be adapted to a wide range of 
growing conditions in a given production area with above 
average yield and below average variance across environments" 
(Saeed and Francis 1983). 
As with Hildebrand's 1984 findings, the data in Table 14 
indicated that hybrids with a high yield stability often tend 
to yield less. This category of response has the greatest 
number of the hybrids shown in Tables 11-14. While these 
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hybrids appear to be stable under stress, the overall yield 
performance is below average. 
The results agree with those of Jensen and Cavalieri 
(1983) who reported that "more hybrids have b values 
significantly less than one than those significantly greater 
than one" (Tables 11-14). 
The means of Tables 12 and 14 are 8192 kg/ha and 8186 
kg/ha, respectively. In observing the differences between 
the low b values in Tables 11 and 12 which compare high and 
low grain yields, the difference is 926 kg. per hectare. The 
same comparison in Tables 13 and 14 would show a difference 
of 824 kg. per hectare. In the development of hybrids for 
use under stress, high yield is the most important 
consideration. However, if corn producers are able to 
partially predict the environment for a specific location 
then a difference in b values will become more important. 
A corn grower living in southeastern Iowa where rainfall 
is more predictible would select hybrids such as those found 
in Table 11. This grower has less downside risk from 
unfavorable growing conditions and should choose hybrids 
which respond well to high levels of management and the 
potential for continued favorable weather conditions. The 
hybrids selected by this grower would be the most likely to 
benefit from an additional late application of nitrogen if 
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soil moisture conditions were at field capacity, and the 30 
day outlook for temperature and precipitation was also 
favorable. 
In southwestern Iowa where temperatures are often higher 
than optimum for corn, and rainfall is more sporatic than in 
other districts, a different type of hybrid would be selected 
to reduce risk (Table 13). 
A grower at any location in the state finding subsoil 
moisture reserves considerably below average before planting 
and one having an unfavorable 30 day precipitation outlook 
would want to reduce risk by selecting hybrids with greater 
yield stability (low b value). 
In most years a farmer at any location within the state 
of Iowa having coarse textured soils would want to consider 
planting a hybrid with a high stability and yield potential 
as found in Table 13. The corn grower with these sandy soils 
consistantly has a higher risk which can be reduced as 
compared to a grower having a clay loam soil. 
Tables 12 and 14 show evidence that the stability of a 
hybrid is also dependent on the district in which it is 
grown. Hybrid 2086 had a b value of 1.339 in district 1 and 
a b value of 0.887 in district 3. This would agree with 
results of Jensen and Cavalieri (1983) who determined that 
the b values varied by the geographical region in which the 
hybrid was grown. These results (Tables 12 and 14) would 
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also agree with their suggestion that "performance in low 
yielding environments and yield potential in favorable 
environments are not mutually exclusive". They reported b 
values for this hybrid (2086) of 1.17, 1.09, and 0.79 for 
eastern, central and western growing regions respectively. 
Hybrid 2001 demonstrated highly significant b values of 0.628 
in district 5 and 0.832 in District 7, which is additional 
evidence of variation in b value by geographical region. 
The range of the b values for all hybrids across the 7 
districts in the state of Iowa were from a low of 0.628 for 
hybrid 2001 in District 4 (Table 7), to a high of 1.334 for 
hybrid 2086 in District 1 (Table 4). A low grain yield also 
accompanied the high yield stability of hybrid 2001 (Table 
14). The range of b values by districts were from 0.78 to 
1.33 for District 1 (Table 4), from 0.65 to 1.17 for District 
2 (Table 5), from 0.70 to 1.21 for District 3 (Table 6, and 
from 0.62 to 1.17 for District 4 (Table 7). In District 5, 
having the largest number of hybrids in the study the range 
of b values was from a low of 0.81 to a high of 1.19. A 
greater number of hybrids in the district did not produce a 
proportionally greater number of b values significantly 
different than 1.0. The range of b values for Districts 6 
and 7 were from 0.82 to 1.10, and from 0.82 to 1.12 as noted 
in Tables 9 and 10 respectively. 
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Table 11. Hybrids with a high b value and high grain 
yield and the yield difference from the 
environmental index 
Hybrid b Dis­ Hybrid Yield 
key value trict yield difference 
kg/ha kg/ha 
2149 1.247* 1 7765 92 
522 1.153* 2 7765 329 
106 1.162+ 3 9632 525 
178 1.184** 3 9272 171 
806 1.218* 3 9339 232 
946 1.169+ 3 9467 366 
2107 1.178** 3 9308 201 
2048 1.177* 4 10083 958 
294 1.131* 5 9955 335 
810 1.198+ 5 9631 12 
2057 1.105+ 5 9974 354 
+ > *,** Indicates significant at the 0.10, 0.05 and 0.01 
levels of probability. respectively. 
Table 12. Hybrids with a high b value and low grain 
yield and the yield difference from the 
environmental index 
Hybrid b Dis- Hybrid Yield 
key value trict yield difference 
kg/ha kg/ha 
737 1.107** 1 7582 -73 
2086 1.339** 1 7649 -24 
164 1.171* 4 9046 -43 
290 1.164* 4 8936 -171 
737 1.070+ 6 8455 -445 
810 1.140+ 6 8217 -683 
981 1.117+ 6 8436 -464 
+,*,** Indicates significant at the 0.10, 0.05 and 0.01 
levels of probability, respectively. 
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Table 13. Hybrids with a low b value and a high grain 
yield and the yield difference from the 
environmental index 
Hybrid b Dis­ Hybrid Yield 
key value trict yield difference 
kg/ha kg/ha 
679 0.843+ 2 9113 323 
765 0.926+ 2 9015 226 
2132 0.659** 2 9028 299 
290 0.887* 5 9766 146 
746 0.850** 5 10004 384 
125 0.911+ 6 9058 152 
746 0.849+ 6 8973 73 
2048 0.886* 6 9308 409 
+,*,** Indicates significant at the 0.10, 0.05 and 0.01 
levels of probability, respectively. 
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Table 14. Hybrids with a low b value and a low grain 
yield and the difference from the 
environmental index 
Hybrid b Dis­ Hybrid Yield 
key value trict yield difference 
kg/ha kg/ha 
237 0.780* 1 7387 -287 
408 0.879+ 1 7429 -237 
2001 0.724* 1 7375 -299 
237 0.705** 3 8814 -531 
287 0.830* 3 8509 - 829 
663 0.841* 3 9430 -104 
794 0.847* 3 8967 -134 
922 0.830** 3 8936 -165 
2086 0.887** 3 8820 -280 
2140 0.733** 4 7954 -1147 
2001 0.628** 5 8814 -536 
2041 0.739* 5 8790 -317 
189 0.879** 5 9278 -341 
288 0.827* 5 9290 -323 
449 0.881** 5 8845 - 79 
2163 0.819* 5 10248 0 
791 0.821** 6 8631 -268 
814 0.830** 6 7698 -1201 
709 0.822** 7 7741 -695 
2001 0.832* 7 7869 -567 
+,*,** Indicates significant at the 0.10, 0.05 and 0.01 
levels of probability, respectively. 
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Correlation of b Values for the Years 
1982-1986 
A linear correlation analysis for all possible 
combinations of b values (25) observed in the Iowa Corn 
Yield Test within each district for the five year period 
appears in Table 15. The b values of hybrids were 
correlated against the mean b values for the five year 
period of the study. The correlation coefficients for the b 
values were highly significant at the one percent level of 
probability for all combinations of four years of the study. 
These coefficients would indicate that there was a 
sufficient yield difference among the four years to provide 
a good estimation of the.b values as determined for the five 
year period of the test. When coefficients for combinations 
of two or three years of b values were analyzed, the 
correlations were not consistently significant. 
The correlation coefficients in Table 15 indicate that 
the growing environment in the year 1983 was considerably 
different than the other years of the test at most 
locations. During 1983, the state of Iowa experienced 
extremes of both high temperature and drought within all of 
the districts and at most of the plot locations. When the b 
values from the year 1983 are included in the comparisons 
with the five year mean of the b values the data usually 
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Table 15. Correlation coefficients of b values for 
various combinations of years (observations) 
against the b value for five years 
Obser­
vation 
1 2 
District 
3 4 5 6 7 
B2345 0. 94* 0. ,96* 0. ,95* 0.91* 0. 97* 0.97* 0. ,97* 
B2346 0. 89* 0, ,84* 0. 98* 0.86* 0. ,93* 0.97* 0. ,86* 
B2356 0. 94* 0. 87* 0. 97* 0.98* 0, 99* 0.99* 0. 97* 
B2456 0. 92* 0, 91* 0. 74* 0.89* 0. ,15 0.20 0. 72* 
B3456 0. 99* 0. 97* 0. 99* 0.99* 0. 97* 0.93* 0. 99* 
B234 0. 39 0. 45 0. 90* 0.56 0. 90* 0.97* 0. 50 
B235 0. 89* 0. 82* 0. 92* 0.88* 0. 97* 0.97* 0. 96* 
B236 0. 80* 0. 79* 0. 95* 0.87* 0. 91* 0.97* 0. 85* 
B245 0. 91* 0. 91* 0. 62* 0. 78* 0. 31 0.19 0. 67* 
B246 0. 73* 0. 77* 0. 73* 0.78* 0. 10 0.17 0. 70* 
B256 0. 65* 0. 46 0. 51* 0.62* 0. 04 0.18 0. 19 
B345 0. 95* 0. 94* 0. 94* 0.91* 0. 95* 0.96* 0. 95* 
B346 0. 89* 0. 87* 0. 96* 0.84* 0. 85* 0.97* 0. 87* 
B356 0. 94* 0. 82* 0. 96* 0.98* 0. 93* 0.98* 0. 97* 
B456 0. 93* 0. 89* 0. 68* 0.86* 0. 16 0.19 0. 73* 
B23 0. 28 0. 40 0. 88* 0.68* 0. 87* 0.90* 0. 27 
B24 0. 34 0. 43 0. 52* 0.49 0. 29 0.03 0. 31 
B25 0. 71* 0. 46 0. 37 0.43 -0. 13 0.19 0. 41 
B26 0. 33 0. 44 0. 56* 0.69* 0. 005 0.17 0. 14 
B34 0. 28 0. 03 0. 86* 0.02 0. 80* 0.87* 0. 43 
B35 0. 91* 0. 75 0. 90* 0.89* 0. 92* 0.91* 0. 93* 
B36 0. 82* 0. 78* 0. 94* 0.85* 0. 73* 0.92* 0. 87* 
B45 0. 91* 0. 89* 0. 59* 0.81* 0. 51* 0.26 0. 67* 
B46 0. 73* 0. 78 0. 68* 0.74* 0. 05 0.13 0. 75* 
B56 0. 57* 0. 47* 0. 14 0.16 0. 06 0.11 0. 11 
* Indicates significance at the 0.01 level of 
probability. 
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having greater r values than similar comparisons without the 
1983 data. 
Table 15 indicates that the b values for the years 1982 
and 1983 were not significantly correlated with the five 
year b values in Districts 1, 2, and 7. The same was true 
of b values for the years 1983 and 1984 for four of the 
seven Iowa districts. 
An analysis of the mean b values of the years 1982 + 
1984, 1982 + 1985, 1982 + 1986, and 1985 + 1986, showed no 
significant difference in the correlation coefficients 
for four of the seven districts. The years 1982, 1985, and 
1986 generally had adequate rainfall and moderate 
temperatures which would result in less environmental 
variation. In contrast, when variation between environments 
was large, the correlation between actual and predicted b 
values was greater and fewer years of data are required for 
the estimates. 
In comparing the correlation coefficients from the seven 
districts, it is interesting to note that District 3 had 
only two comparisons that were not highly correlated with 
the five year period (Table 15). This would indicate 
greater environmental variation occurred in District 3 
during the time of this study. Greater environmental 
variation also occurred when much of the state experienced 
stress conditions from heat and drought. Correlation 
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coefficients which include the year 1983, especially the 
years 1983 + 1984, 1983 + 1985, and 1983 + 1986, 
demonstratethe effect of a large environmental variation. 
District 5, 6, and 7 located in the south and 
south-western parts of the state had 10, 11, and 8 
nonsignificant correlation coefficients which would indicate 
less environmental variation than Districts 1, 3, an 4 
during the five year period of the study. District 2, 
located in the northeastern part of Iowa generally has 
cooler temperatures and a more favorable distribution of 
rainfall throughout the growing season. This was reflected 
in a reduced number of significant correlation coefficients. 
The Number of Growing Environments Required 
to Estimate Future b Values 
Figures 7-11 compare the correlation coefficients (Table 
15) of the b values for combinations of years (Table 2) 
against the standard error of the environmental variation 
(Table 3). These figures estimate the number of 
environments (farms x years) required to give an accurate 
prediction of b values at the one and five percent levels of 
significance. Environments with an r value greater than 0.9 
were omitted from Figures 7-11 because an asymptotic curve 
to the right develops at values greater than 0.9. Levels of 
significance were chosen for 16 hybrids (15 degrees of 
47 
freedom) which is the minimum number of hybrids found in 
District 4. This is conservative because the range of 
Figure 7 demonstrates an estimate of b values for five 
hybrids extended up to 37 hybrids in District 5. 
environments (n = 5). For five environments, when the 
standard error of the environmental variation is greater 
than 1800 kg/ha, we can be 99 percent certain that the b 
values will accurately predict the future values of b. 
As a greater number of environments are compared, i.e., 
Figures 9 and 10, a greater proportion of the data becomes 
significant and could be used to predict the future b values 
for a hybrid. Since the maximum number of plots in a 
district in the Iowa Corn Yield Test is three, it will take 
more than two years of data from one district to estimate 
the b values of corn hybrids for future years. 
While caution should be exercised in considering the use 
of eight or nine environments, when ten or more 
environments were analyzed, a more accurate estimate of the 
b value was obtained. 
The regression of the correlation coefficients of the b 
values for all years and the number of environments are 
summarized on Figure 12. This graph demonstrates that as 
the number of growing environments increases, the amount of 
environmental variation need to accurately predict yield 
stability (b) for future years decreases. 
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While it may be possible to combine the b values of two 
or more districts to reduce the number of years required to 
estimate these coefficients, as indicated in the section on 
yield estimations using the yield stability index equation, 
consideration must be given to changes in b values which 
will occur between districts due to possible differences in 
photoperiod, soil types, climate, and other management 
conditions. 
The data points in Figures 7,8,9,10, and 11 would 
indicate that as the standard error of the environmental 
variation increases, there is a greater probability that the 
predicted values, of b will be highly correlated with the b 
value for the five year period of the study. For the 
purpose of accurately predicting b values and future yields, 
a wide range of environments varying from a hypothetical 
perfect environment on one farm to a total crop failure on 
another farm would be required. The ideal would be a 500 
kg/ha yield difference at each environment from 0 to 10,000 
kg/ha. This could be accomplished under extremely dry 
conditions using supplemental irrigation giving progressivly 
greater moisture in each environment. Figure 5 which has 
only two data points from unfavorable growing conditions 
demonstrates graphically the necessity of having an array of 
environmental conditions to accurately determine b values. 
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Figure 7. Correlation coefficients of the b values for 
combinations of years against the standard 
error of the environmental variation for 5 
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8. Correlation coefficients of the b values for 
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error of the environmental variation for six 
environments 
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A Comparison of b Values and Kernel Moisture 
The percent kernel moisture and stalk lodging at harvest 
was compared with the 5 year b value for each hybrid. This 
comparison from each of the seven districts appears in 
Tables 16-22. The data are presented from the lowest to the 
highest percent kernel moisture and had a range from 
approximately 17 to 26 percent moisture. It was anticipated 
that early hybrids in a district would generally have low 
moisture percentage and the later hybrids would have a 
higher moisture percentage. It was expected that early 
hybrids would have lower b values (higher stability) because 
of early flowering and the concomitant ability to avoid 
stress. It was also expected that early maturing hybrids 
would have lower b values because of their inability to use 
excellent environments late in the growing season. 
Likewise, it was anticipated that later hybrids would 
have higher b values (lower stability) because of later 
flowering and grain filling under hot and dry weather 
conditions. These hybrids would respond more to those years 
with excellent growing conditions than the early hybrids. 
If the hybrids are of a very late maturity they may be 
damaged by frost and as a result have lower yields because 
of poorly filled, chaffy kernels. This would appear 
graphically as low stability and would be observed as a 
cubic regression model as found in Figure 15. 
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The b value for each hybrid was regressed oa the percent 
moisture using linear, quadratic and cubic 
regression models. An F test and its probability was used 
to determine the significance of each model within a 
district (Tables 23-25). The data are demonstrated 
graphically in Figures 13-21. There was not a significant 
relationship between hybrid b value and moisture for any of 
the three regression models for the data from Districts 1, 
2, 4, 6, and 7. In District 3, which is in north central 
and north eastern Iowa, the percent moisture data were 
highly significant for all three models. The linear model 
fit the data, slightly less than than the quadratic and 
cubic models. In District 5, all three models were again 
highly, significant, but in this case the linear model 
demonstrated a better fit of the data than the other two 
models. Figure 13 supports the hypothesis that later 
hybrids have a higher b value (lower stability) because of 
later development and that earlier hybrids tend to be more 
stable. 
The data in Districts 3 and 5 indicated that the b 
values increased with delay in hybrid maturity, but b values 
also tended to decrease for very late hybrids (Figures 14, 
15, 16, 17, and, 18). These two districts generally have 
more favorable crop growing conditions because both are 
located in the eastern part of the state where more 
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predictible rainfall occurs. There is also less heat stress 
in Districts 3 and 5 than found in the southern Iowa 
District 6. The relative humidity tends to be higher in the 
eastern part of the state of Iowa (Districts 3 and 5), This 
results in slower drying of the hybrids, a tendency for a 
higher percent kernel moisture and higher b values for the 
hybrids. 
Districts 1, 4, and 7 have less favorable growing 
conditions because of lower rainfall in western Iowa and 
lower relative humidities from the prevailing westerly 
winds. 
The two Districts, 3 and 5, with significant responses, 
as measured by the three regression models have a greater 
number of hybrids tested each year than the other districts. 
Both Districts 3 and 5 have larger number of hybrids being 
tested each year than any of the other district in the state 
(Ziegler 1982-86). The potential for seed sales is highest 
in these two districts because of the large acreage suitable 
for corn production. A greater number of hybrids in lower 
and higher maturity ranges may have contributed to the 
significant cubic relationship of b values and hybrid 
maturity, which did not appear in the other districts. If a 
greater range of maturity of hybrids at both extremes a 
significant relationship between maturity and b value would 
probably have been observed. 
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A generalization that a significant relationship exists 
between b values and maturity is not possible because five 
of the seven districts did not show a significant response 
to any of the three regression models. 
A Comparison of b Values and Stalk Lodging 
A comparison of b values and stalk lodging appears in 
Tables 16-22. Stalk lodging scores range from a low of 1.63 
% for hybrid 2041 in District 4 to a high of 14.65 for 
hybrid 113 in District 3. The b values were also regressed 
against the percent stalk lodging at harvest using three 
regression models; linear, quadratic, and cubic. Regression 
coefficients for the three models are given in Tables 26-29. 
The significance of these models was determined by an F test 
which appears in the same tables. 
It was anticipated that hybrids with greater stalk 
strength would have a lower b value (greater stability) 
because stalk strength is correlated with lower yield 
response in corn. The slopes of the linear regression 
confirm this tendency because 6 of the 7 districts had 
negative slopes but only that of District 6 was significant. 
However, data from Districts 1, 4, 5, and 7 demonstrated no 
significant relationship between hybrid b value and percent 
stalk lodging for any of the three regression models. 
In District 2, located in northeastern Iowa, the data 
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were highly significant for both a quadratic and cubic 
relationship between b value and stalk lodging. A 
significant quadratic regression model is demonstrated in 
Figure 20. In this figure, low stalk lodging was associated 
with low b values which would be expected with greater yield 
stability. When stalk lodging increased up to 10-11 
percent, the b value increased to approximately 1.0. The 
data indicated lower b values at a higher percent stalk 
lodging, which may lend greater credence to the concern 
expressed by some crop breeders that lower yields often 
accompany greater yield stability, and lower b values. The 
data in Figure 20 for District 3 demonstrated nearly the 
same pattern for the cubic regression model. 
The data from District 6, located in south western Iowa, 
demonstrated a significant relationship for all three 
regression models with the cubic model indicating a slightly 
better fit than the linear model in Table 26 and the 
quadratic model in Table 27. In examining Figure 21, an 
outlying data point appears to give significance to the 
cubic model. However, with the exception of this one data 
point, the over all data best fits a linear model. The 
linear model in Figure 21 corresponds with the expectation 
of a higher yield stability accompanying lower stalk 
lodging, 
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Table 16. District 1. Five year means for percent 
kernel moisture, regression slope, and 
percent stalk lodging 
Hybrid Percent Regression Percent 
key moisture slope stalk Idg. 
2084 17.60 0.927 5.74 
2140 18.62 0.813 2.93 
287 18.63 1.006 6.21 
2086 19.51 1.335 5.49 
89 20.02 1.028 3.54 
2149 20.02 1.247 5.64 
237 20.04 0.780 4.87 
765 20.06 1.061 4.33 
522 20.10 1.111 4.44 
184 20.19 1.105 4.58 
376 20.26 1.118 4.87 
2002 20.36 1.040 5.51 
794 20.62 1.057 3.11 
230 20.72 1.042 3.21 
688 20.88 1.030 3.14 
488 21.33 0.879 11.19 
2041 21.86 1.003 6.47 
449 22.16 1.099 6.13 
2001 23.16 0.724 7.09 
674 23.28 0.731 7.41 
2114 23.34 0.952 9.43 
2146 23.69 0.871 6.54 
953 23.97 0.931 7.94 
737 24.08 1.108 6.59 
Hybr 
key 
951 
287 
2140 
2040 
679 
773 
2175 
2086 
237 
445 
89 
2132 
732 
146 
765 
2022 
105 
522 
184 
376 
666 
841 
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District 2. Five year means for percent 
kernel moisture, regression slope, and 
percent stalk lodging 
Percent Regression Percent 
moisture slope stalk Idg. 
20.22 1,002 12.35 
20.39 0.917 10.66 
20.41 1.046 6.98 
21.07 1.179 9.85 
21.14 0.844 3.92 
21.68 0.851 13.07 
21.68 1.104 9.10 
21.79 1.065 9.19 
21.79 0.896 3.95 
21.89 1.117 8.89 
22.58 0.979 5.64 
22.58 0.660 14.06 
22.63 1.066 6.33 
22.70 1.103 7.27 
22.71 0.926 7.69 
22.74 0.967 5.83 
22.76 1.104 6.63 
22.84 1.154 7.53 
22.87 1.119 5.89 
22.95 0.938 5.39 
23.24 1.005 5.29 
23.68 0.959 6.79 
Hybr 
key 
287 
2140 
2086 
922 
522 
184 
765 
146 
237 
666 
794 
63 
230 
288 
189 
663 
2041 
981 
953 
106 
806 
290 
737 
302 
946 
2107 
2146 
2004 
178 
113 
2095 
228 
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District 3. Five year means for percent 
kernel moisture, regression slope, and 
percent stalk lodging 
Percent 
moisture 
17.83 
18.05 
18.91 
19.49 
19.64 
19.79 
19.81 
19.90 
19.92 
2 0 . 0 1  
2 0 . 2 0  
20.36 
20.36 
20.47 
2 0 . 6 1  
20.69 
21.17 
22.42 
22.49 
22.64 
22.65 
22.76 
22.77 
22.77 
22.84 
22.91 
22.92 
22.96 
23.00 
23.96 
24.64 
24.99 
Regression 
slope 
0.831 
0.734 
0.887 
0.831 
1.057 
0.980 
1.009 
1.043 
0.705 
0.942 
0.847 
0.945 
0.986 
1.139 
0.926 
0.841 
0.931 
1.071 
1 . 1 1 2  
1 . 1 6 2  
1.219 
1.086 
1.053 
1.046 
1.169 
1.178 
1.079 
1.157 
1.184 
0.971 
0.898 
0.979 
Percent 
stalk Idg. 
9.53 
4.35 
8.47 
6.46 
6 . 0 1  
5.70 
6.17 
7.03 
3.96 
4 . 6 6  
3.86 
4.53 
5.04 
4.56 
1 0 . 2 6  
13.05 
5.08 
6.29 
7.49 
6.89 
7.22 
5.95 
5.92 
8 . 0 6  
6.95 
6.44 
5.24 
7.94 
7.03 
14.65 
8.54 
8.73 
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Table 19. District 4. Five year means for percent 
kernel moisture, regression slope, and 
percent stalk lodging 
Hybrid Percent Regression Percent 
key moisture slope stalk Idg. 
189 19.81 0.990 3.84 
488 19.82 0.822 6.97 
2041 20.71 0.739 1.63 
806 21.62 0.066 2.60 
953 21.76 0.911 2.11 
290 21.78 1.164 3.34 
2001 21.78 0.629 3.28 
302 21.88 1.142 2.83 
746 22.05 0.870 3.59 
164 22.06 1.172 2.74 
737 22.15 1.136 1.64 
2048 22.21 1.177 3.64 
178 22.32 1.100 3.16 
2142 22.40 1.118 1.84 
294 23.82 - 0.966 2.33 
608 24.39 0.997 3.86 
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Table 20. District 5. Five year means for percent 
kernel moisture, regression slope, and 
percent stalk lodging 
Hybrid Percent Regression Percent 
key moisture slope stalk Idg. 
288 19.81 0.827 4.04 
666 19.82 0.902 3.86 
189 20.14 0.880 6.04 
2163 20.38 0.819 6.62 
2041 20.71 0.970 3.35 
449 20.73 0.881 6.40 
757 21.60 1.010 5.11 
75 21.75 0.928 3.61 
981 21.77 1.092 4.62 
806 21.86 1.076 4.77 
290 21.87 0.888 4.52 
302 21.95 1.037 4.73 
946 22.02 1.026 5.11 
769 22.03 0.988 5.78 
326 22.07 0.944 4.05 
953 22.07 0.972 4.86 
106 22.10 1.012 5.60 
2146 22.10 1.068 5.50 
737 22.13 1.078 4.97 
2142 22.15 1.008 4.07 
178 22.25 1.070 4.28 
2048 22.28 0.912 8.28 
746 22.85 0.851 7.64 
887 22.87 0.901 8.85 
113 23.18 1.114 6.47 
2095 23.20 1.063 4.24 
2118 23.48 1.016 4.42 
228 23.75 1.029 8.83 
179 23.86 0.992 10.24 
989 23.92 1.056 7.75 
2099 23.96 0.974 9.83 
294 24.02 1.131 6.71 
2015 24.12 1.064 8.02 
2108 24.21 1.100 6.98 
810 24.22 1.198 7.40 
2057 24.24 1.105 8.67 
908 25.69 1.020 6.95 
Hybr 
key 
737 
302 
953 
806 
981 
2142 
791 
2048 
746 
329 
420 
2099 
294 
989 
2057 
2108 
810 
• 814 
908 
125 
965 
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District 6. Five year means for percent 
kernel moisture, regression slope, and 
percent stalk lodging 
Percent Regression Percent 
moisture slope stalk Idg. 
21.04 1.108 3.41 
21.09 1.041 2.94 
21.21 1.059 3.60 
21.25 1.105 4.06 
21.28 1.117 3.47 
21.34 0.977 3.22 
2 1 . 6 0  0 . 8 2 1  8 . 2 1  
21.68 0.886 7.85 
21.91 0.850 5.51 
22.35 0.980 6.17 
22.61 0.999 4.39 
22.88 1.064 4.42 
23.03 1.134 3.79 
23.10 0.938 5.56 
23.19 0.967 5.27 
23.19 0.991 4.63 
23.26 1.143 8.56 
23.56 0.830 6.45 
24.02 0.998 4.69 
24.69 0.911 6.07 
24.98 1.079 4.94 
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Table 22. District 7. Five year means for percent 
moisture, regression slope, and percent 
stalk lodging 
Hybrid Percent Regression Percent 
key moisture slope stalk Idg. 
301 18.73 0.987 3.97 
2142 19.07 0.968 5.72 
737 19.15 1.023 3.88 
806 19.15 1.045 4.84 
2001 19.68 0.832 5.50 
709 20.41 1.062 7.79 
2118 20.56 0.953 4.71 
746 21.72 1.035 10.68 
294 21.15 1.037 5.98 
2057 21.17 1.109 6.90 
2108 21.32 1.109 6.81 
810 21.67 1.120 7.27 
608 21.71 1.015 7.08 
908 22.86 0.930 7.05 
2101 23.07 0.056 8.21 
125 23.12 0.956 8.12 
965 23.22 0.962 7.15 
120 23.32 1.087 4.77 
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Table 23. Parameter estimates of linear regression for 
b values on percent kernel moisture at harvest 
District Intercept b F value Prob. 
> F 
1 1.48888 -0.023257 1.851 0.1874 
2 0.93935 0.002743 0.009 0.9239 
3 0 11927 0.041206 14.388 0.00007 
4 0.11135 0.040559 1.245 0.2833 
5 0.09441 0.040313 20.895 0.00001 
6 1.18399 -0.008164 0.183 0.6738 
7 0.78458 0.010201 0.610 0.4463 
Table 24. Parameter estimates of 
for b values on percent 
harvest 
quadratic regression 
kernel moisture at 
Dis­
trict 
Inter- Moist, 
cept b 
Moist. 
c 
F 
value 
Prob. 
> F 
1 -4. 134 0.50987 -0.012554 1.950 0.1672 
2 -0. 334 0.11958 -0.002675 0.008 0.9918 
3 -6. 572 0.67148 -0.014734 13.176 0.00001 
4 -10. 048 0.96808 -0.021113 1.153 0.3461 
5 -3. 930 0.39998 -0.008006 12.202 0.00001 
6 8. 199 -0.62579 0.013557 0.427 0.6590 
7 -0. 746 0.15592 -0.003449 0.345 0.7136 
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Table 25. Parameter estimates of cubic regression for b 
values on percent kernel moisture at harvest 
Dis- Inter-
trict cept 
• Moist, 
b 
Moist, 
c 
Moist, 
d 
F 
value 
Prob. 
> F 
1 -90.288 13.061 -0.61878 0 .009706 2.533 0.0860 
2 48.676 -6.605 0.30448 -0 .004670 0.012 0.9980 
3 36.208 -5.394 0.27046 -0 .004447 11.774 0.00001 
4 356.800 -49.299 2.26781 -0 .034637 1.413 0.2871 
5 2.075 -0.405 0.02780 -0 .000529 7.915 0.0004 
6 298.269 -38.614 1.66882 -0 .023997 0.819 0.5011 
7 170.997 -24.997 1.16773 -0 .018528 1.143 0.3661 
Table 26. Parameter estimates of linear regression for 
b values on percent stalk lodging at harvest 
District Intercept b F value Prob. 
> F 
1 1.12203 -0.021466 2.013 0.1700 
2 1.08097 -0.010340 1.167 0.2928 
3 1.00549 -0.000791 0.006 0.9381 
4 1.08403 -0.027217 0.639 0.4375 
5 0.97459 0.004213 0.261 0.6130 
6 1.15680 -0.030714 6.399 0.0204 
7 1.06407 -0.009904 0.706 0.4131 
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Table 2-7. Parameter estimates of quadratic regression 
for b values on percent stalk lodging at 
harvest 
Dis­ Inter­ Moist. Moist. F Prob. 
trict cept b c value > F 
1 0.979 0.02757 -0.003769 1.220 0.3153 
2 0.267 0.19617 -0.011682 20.190 0.00001 
3 0.578 0.11092 -0.006468 3.048 0.0629 
4 0.878 0.09074 -0.014368 0.670 0.5286 
5 0.768 0.07305 -0.005260 0.795 0.4597 
6 1.527 -0.17364 0.012560 5.227 0.0162 
7 1.035 -0.00112 -0.000640 0.339 0.7179 
Table 28. Parameter estimates of cubic regression for b 
values on percent stalk lodging at harvest 
Dis­
trict 
Inter­
cept 
Stalk. 
b 
Stalk. 
c 
Stalk. 
d 
F 
value 
Prob. 
> F 
1 -0.176 0.609 -0.10420 0. 0049155 2.091 0.1336 
2 0.548 0.083 0.00229 -0. 0005319 13.336 0.00001 
3 -1.301 0.875 -0.10149 0. 0035757 9.333 0.0002 
4 0.310 0.639 -0.16986 0. 0127178 0.518 0.6781 
5 0.413 0.249 -0.03284 0. 0013634 0.625 0.6039 
6 -0.792 1.209 -0.24584 0. 0151594 9.74 0.0006 
7 0.997 0.016 -0.00322 0. 0001186 0.211 0.8869 
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Figure 13. District 3. Mean b values for hybrids for 
years regressed against kernel moisture 
percent at harvest 
71 
B23456 
1.4 + 
1.3 + 
1 . 2  +  
1 . 1  +  
1 . 0  +  
0.9 + 
O o  
o  o  
ftO 
0 . 8  +  
0.7 + 
0 . 6  +  
17" 
Y = -6.572 + 0.6714X - 0.014734X' 
18 19 20 21 22 23 
Percent kernel moisture 
24 
Figure 14. District 3. Mean b values for hybrids 
years regressed against kernel moisture 
percent at harvest 
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Figure 15. District 3. Mean b values for 5 years 
regressed against kernel moisture percent at 
harvest 
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Figure 16, District 5. Mean b values for hybrids fo 
5 years regressed against kernel moisture 
percent at harvest 
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Figure 17, District 5. Mean b values for hybrids for 
5 years regressed against kernel moisture 
percent at harvest 
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Figure 18. District 5. Mean b values for hybrids for 
5 years regressed against kernel moisture 
percent at harvest 
76 
B23456 
1.4 + 
1.3 + 
1 . 2  +  
1 . 1  +  o  o  
1 . 0  +  
0.9 + 
0 . 8  +  
O 
'o 
o  o  
0.7 + 
0 . 6 +  .  
Y = 0.548 + 0.083X + 0.00229x2 - 0.0049144x3 
2 3 4 5 6 7 8 9 10 11 12 13 14 
Percent stalk lodging 
Figure 19. District 2. Mean b values for hybrids for 
5 years regressed against percent stalk 
lodging 
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District 3. Mean b values for hybrids for 5 
years regressed against percent stalk lodging 
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Figure 21. District 6. Mean b values for hybrids for 5 
years regressed against percent stalk lodging 
79 
Yield Estimates Using the Yield Stability Index 
Yield data from the years 1984 and 1985 were used with 
the yield stability index to predict the grain yields for 
1986. The estimation was made by combining two districts 
within the state of Iowa with similar latitude so that the 
hybrids would be of similar maturity. This technique 
allowed a greater number of environments to be used to give 
a more accurate prediction of the future grain yield. 
Hybrids which were grown concurrently in both districts were 
used in the calculations, because only these hybrids would 
have an adequate number of locations and years for the 
accurate estimation of yields. 
The groupings were Districts 1 and 3 with 9 
environments, Districts 4 and 5 with 10 environments, . and 
Districts 6 and 7 with 9 environments. District 2 was 
omitted because it was located at a different latitude in 
terms of greater rainfall and less heat unit accumulation 
than the other districts which would have resulted in less 
environmental variation (see correlation coefficients for b 
values in Table 15). The data for these three district 
groupings is listed in Tables 31, 32, and 32 respectively. 
The predicted yield for 1986 was calculated using the 
linear regression model, Y = a + bx. In this equation, the 
predicted mean yield of a hybrid (Y) was calculated within 
the two combined districts. The a value was equal to the 
80 
Table 29. The environmental index for each farm in 
the Iowa Corn Yield Test 1982-1986 (kg/ha) 
Years 
Dis- Farm 1982 1983 1984 1985 1986 
trict 
1 1 7721. 58 5925. ,72 8217. ,38 9854. ,25 
1 2 8286. 88 6370. 53 4912. 04 9854. 37 7112. 82 
2 1 8783. 37 7624. 74 7513. 85 9738. ,16 10315. 99 
2 2 9676. 25 7676. 61 8020. 19 10536. 96 9479. 56 
2 3 7189. 15 8352. 04 7831. 15 10141. 82 10014. 50 
3 1 9459. 55 8593. 64 9542. 34 9976. 68 
3 2 9821. 26 9385. 92 9575. 21 10992. 74 10504. 91 
3 3 8224. 66 4583. 76 7053. 17 9357. 94 10143. 08 
4 1 9418. 16 7570. 30 8196. 31 11565. 19 9382. 09 
4 2 8649. 84 6478. 16 9102. 99 9647. 08 11081. 43 
5 1 10565. 87 10562. 61 11261. 44 10402. 80 
5 2 10717. 21 4229. 89 9858. 39 10667. 41 8793. 59 
5 3 10109. 08 7300. 73 9980. 57 11312. 30 9038. 83 
6 1 9432. 46 3467. 53 9980. 57 11122. 95 9656. 18 
6 2 4633. 81 9744. 87 10096. 10 10663. 59 
7 1 9282. 18 7587. 05 9534. 69 10115. 35 10799. 32 
7 2 4427. 65 5866. 32 10220. 91 8243. 85 
7 3 5706. 14 10212. 88 9066. 17 
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mean intercept for an individual hybrid for all environments 
in 1984 and 1985. The b values for the prediction model 
were calculated as the b values of a hybrid for all the 
environments in the two combined districts for 1984 and 
1985. The value of x was the environmental index from all 
the farms for the two years within the two districts used in 
the prediction. 
In the combined Districts 1 and 3, the predicted mean 
yield of the selected hybrids for 1986 generally was less 
than the actual yields of the hybrids (Table 30). The mean 
yield difference between the predicted and actual yields was 
673.31 kg/ha. The range of the prediction was from a low of 
-510.82 kg/ha to a high of 1,882.04 kg/ha. 
In Table 30 the standard errors of the yield differences 
are listed. Over all, this standard error is 1,028.19 
kg/ha, which is greater than 10 percent of the actual yield 
of 9,243.51 kg/ha for 1986. A standard error of this 
magnitude limits the accuracy of using this method of 
predicting corn yields. 
Districts 4 and 5 demonstrated a different trend in 
predicted yield when compared to District 3, only more 
extreme (Table 31). In this case, the actual yield was less 
than predicted for all but one of the hybrids, 2048. The 
range was from a low of -1,715.26 kg/ha to a high of 113.46 
kg/ha. The mean difference between the estimated and actual 
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yields for 1986 was -722.24 kg/ha. A similar trend for 
Districts 4 and 5 was noted in Table 31 with regard to the 
standard error of the yield difference. Here the standard 
error was 1,377.95 kg/ha which is greater than 14 percent of 
the total actual yield of 9,806.73 kg/ha for 1986. 
The results of combining Districts 6 and 7 gave a better 
estimate of the 1986 corn yields (Table 32). The range for 
these districts was from -568.34 kg/ha to a high of 832.46 
kg/ha. The mean difference between the predicted and actual 
yields was 180.08 kg/ha. While the mean yield difference 
was small for this test, 180.08 kg/ha, the standard error of 
the yield difference is greater than 10 % of the actual mean 
yield of 10,141.42 kg/ha for 1986. 
The standard error of the environmental indices for the 
three groups of data were determined. The mean standard 
error for the nine environments in Districts 1 and 3 was 
1,795. For the ten environments in Districts 4 and 5, the 
standard error was 1068. Districts 6 and 7, with nine 
environments, had a standard error of 1,483. 
Table 3 lists the standard errors of the environmental 
variation by combinations of years from 1982-1986. 
Previously it was indicated that when data from the year 
1983 were included in the calculations, the environmental 
variation tended to be large. The year 1983 was unusual in 
terms of heat and drought stress in Iowa, resulting in 
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increased environmental variation. When the combined 
environmental variations for the years 1982, 1984, 1985, and 
1986 are calculated, all values are less than those 
including the year 1983. Further examination of the 
environmental variation data in combinations of three for 
the years 245, 246, 256, and 456 show low values. A greater 
environmental variation will tend to give a more accurate 
prediction of b values and yield. This was not the case for 
the year 1984 and 1985 which resulted in poor estimates of b 
values and grain yields. 
Correlation coefficients comparing the predicted yields 
with the actual yields were calculated. These coefficients 
were 0.354 for the combined Districts 1 and 3, 0.469 for 
Districts 4 and 5, and 0.217 for Districts 6 and 7. While 
the correlation coefficients were positive in terms of 
predicting yield, the low value of these coefficients would 
indicate that factors other than the prediction equation 
using b values, and the environmental index, were more 
important in accurately estimating future grain yields. One 
factor, which would have resulted in underestimating yields 
as observed in Districts 1 and 3, was the favorable 
distribution of rainfall during the 1986 growing season. 
Weather conditions, especially precipitation, and soil 
water availability during the growing seasons for four of 
the past five years of the study, were similar. With the 
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exception of one year, 1983, the environmental variation 
tends to be low (Table 3). This limited variation accounts 
for much of the low correlation between actual and predicted 
yields in 1986. 
A generally low environmental variation across the state 
of Iowa in most years limits the potential of using yield 
stability as a technique to predict yield in future years. 
The data from the years 1984 and 1985 would indicate that 
the use of yield stability indices and b values from only 
two years of data was not an accurate method of predicting 
yields given the low environmental variation. This is in 
agreement with the findings in Table 15 where the 
correlation between the b values were not found to be 
consistently significant when compared to the b values for 
the five year period of the study. 
Future Iowa Corn Yield Tests may incorporate the use of 
yield stability to assist corn producers in selecting new 
hybrids. However, adopting this statistic in the Iowa Corn 
Yield Test program would be contingent on a minimum of 8 to 
9 environments which would include a greater environmental 
variation than found in the two years, 1984 and 1985. This 
may be difficult to achieve given the trend of similar 
weather patterns in 4 of the past 5 years. 
Future research to accurately determine the stability of 
individual hybrids could be best accomplished under 
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conditions such as those carried out by Wicks and Carson 
(1987) who determined the stability of several inbreds under 
a wide range of environments. They were able to produce 
environmental variation by using line irrigation to 
gradually increase moisture availability to replicated 
plots. This procedure would be difficult to standardize in 
Iowa because adequate rainfall usually occurs. To 
accomplish the moisture gradient the plots would have to be 
located outside the state of Iowa in western Nebraska or 
Kansas. While a controled water regime would give an 
improved estimate of yield stability this procedure would 
not account for other management factors such as soil 
fertility, relative humidity, weed control and the soil type 
found in each of the Iowa Corn Yield Test plot locations. 
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Table 30. Districts 1 and 3 combined. Predicted and 
actual grain yields for 1986 
Hybrid Predicted Mean Mean Hybrid 
Key Mean Hybrid Hybrid Yield Yield 
Yield Yield Differ. Differ. 
kg/ha kg/ha kg/ha St Err. 
184 8638.45 9687.72 1049.27 805.98 
230 8490.90 9610.98 1120.08 913.80 
237 8514.20 8556.35 42.15 817.16 
287 8029.19 8765.76 736.57 1018.94 
288 8283.43 9704.06 1420.63 603.95 
380 8404.21 9096.56 692.35 1316.68 
522 8858.48 9766,34 907.86 954.99 
737 8876.23 9846.86 970.63 929.23 
765 8665.48 9334.34 669.86 782.73 
794 8379.75 9405.35 1025.66 559.88 
953 8818.22 10223.54 1405.32 928.71 
2041 8418.43 9263.83 845.40 1147.87 
2086 8600.88 9167.63 566.75 1149.83 
2140 7874.25 8129.29 255.04 707.47 
2146 8762.71 9965.69 1202.98 1047.08 
2175 8104.40 9016.04 911.64 983.32 
3017 8376.76 10258.80 1882.04 990.85 
3028 8575.75 9150.61 574.86 747.93 
3102 8535.55 9207.22 671.67 1232.34 
3106 8886.97 9943.06 1056.09 1245.09 
3119 9039.47 8944.37 -95.10 1538.37 
3134 9204.66 9616.04 411.38 1134.19 
3152 8778.21 9658.80 880.59 1183.71 
4057 8710.98 8785.89 74.91 802.11 
4058 8739.10 9116.69 377.59 1346.36 
4078 8994.82 8484.00 -510.82 956.09 
4081 8502.55 9388.39 885.84 1222.87 
4103 8959.74 9248.76 289.02 1141.43 
4110 8210.54 8915.46 704.92 460.81 
4111 8187.42 9247.48 1060.06 950.23 
4115 8637.42 8933.02 295.60 1147.60 
4121 8558.36 9026.11 467.75 956.73 
4135 8668.77 9011.04 342.27 1219.09 
4174 8400.49 9358.19 957.70 875.22 
4175 8425.99 8554.46 128.47 1556.61 
4181 8708.42 8754.42 46.00 1286.95 
4210 8276.30 8866.35 590.05 1380.80 
mean 8570.20 9243.51 673.31 1028.19 
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Table 31. Districts 4 and 5 combined. Predicted and 
actual grain yields for 1986 
Hybrid Predicted Mean Mean Hybrid 
Key Mean Hybrid Hybrid Yield Yield 
Yield Yield Differ. Differ. 
kg/ha kg/ha kg/ha St Err. 
113 10842.26 9290.24 -1552.02 1211.67 
178 10311.20 9748.72 -562.48 1839.49 
189 10057.80 9302.87 -754.93 627.32 
290 10299.00 9977.04 -322.04 1525.79 
294 10816.22 10182.06 -634.16 1020.05 
302 10081.59 9883.95 -197.64 1892.20 
737 9426.57 9788.98 -247.59 1833.46 
746 10625.71 10014.13 -611.58 974.30 
806 10502.49 9552.54 -949.95 1504.06 
953 10359.75 9709.74 -650.01 1004.37 
2041 9991.19 8745.63 -1245.56 666.00 
2048 11211.92 11325.38 113.46 899.81 
2095 10926.87 9979.54 -947.33 890.30 
2108 10871.79 9877.67 -994.12 1558.67 
2118 10775.71 10231.10 -544.61 1187.35 
2142 9862.42 9656.30 -206.12 1481.33 
3043 10957.49 10283.93 -673.56 1570.38 
3049 10747.83 10143.08 -604.75 1557.26 
3120 10892.34 9177.08 -1715.26 1418.46 
3135 10620.65 9594.63 -1026.02 1486.42 
3145 10982.07 9623.60 -1358.47 1465.38 
4038 10272.34 9865.10 -407.24 1252.05 
4051 10401.96 10251.23 -150.73 1105.58 
4058 10452.05 9011.04 -1441.01 1636.26 
4081 10157.78 9465.07 -692.71 1841.40 
4103 10531.10 9785.19 -745.91 1135.59 
4123 10276.67 9251.26 -1025.41 1369.61 
4124 10600.21 9940.56 -659.65 1442.08 
4136 10727.77 10404.71 -323.06 1327.76 
4147 10295.64 9486.48 -809.16 1495.99 
4175 10909.12 10458.76 -450.36 1299.13 
mean 10528.97 9806.73 -722.24 1377.95 
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Table 32. Districts 6 and 7 combined. Predicted and 
actual grain yields for 1986 
Hybrid Predicted Mean Mean Hybrid 
Key Mean Hybrid Hybrid Yield Yield 
Yield Yield Differ. Differ. 
kg/ha kg/ha kg/ha St Err. 
125 9889.87 9646.24 -243.63 819.47 
294 10111.48 10100.32 -11.16 1962.15 
302 9371.13 9709.13 338.00 718.21 
527 8742.95 9055.02 312.07 1119.65 
737 9689,85 9527.96 -161.89 930.37 
746 9710.77 9490.26 -220.51 1016.52 
806 9544.85 9567.00 22.15 1236.29 
810 9397.36 10229.82 832.46 1293.79 
879 9484.34 9652.52 168.18 1128.73 
908 9908.78 10364.45 455.67 1477.76 
2048 10283.87 10394.64 110.77 1119.26 
2049 9429.32 9348.13 -81.19 710.70 
2057 10173.21 9973.26 -199.95 1145.12 
2099 10234.70 10229.82 —4.88 1216.72 
2108 10128.26 10024.80 -103.46 1118.31 
2142 9561.75 8993.41 -568.34 725.16 
2158 9823.68 10136.80 313.12 1399.47 
3043 10076.90 10148.08 71.18 993.96 
3049 10203.65 9936.78 -266.87 681.93 
3058 9883.46 10184.56 301.10 580.25 
3104 9512.95 10242.45 729.50 748.48 
3120 10379.58 9892.74 -486.74 957.75 
3134 10144.79 10248.73 -103.94 914.87 
3166 10252.33 10145.58 106.75 1014.44 
3167 10013.46 9605.98 -407.48 1291.46 
4053 9685.76 10024.80 339.04 1131.06 
4076 9885.42 10286.43 401.01 986.59 
4097 10288.50 10041.15 -247.35 1456.73 
4123 9534.42 8980.85 -553.57 1506.45 
4124 10220.55 10117.89 -102.66 743.80 
4125 10113.86 9971.98 -141.88 1073.80 
4136 9963.31 10374.51 411.20 1023.76 
4148 10194.32 9922.93 -271.39 667.98 
4172 9963.68 10101.54 -137.86 803.08 
4176 9765.49 10023.58 258.09 1439.74 
4211 10077.44 10216.04 138.60 998.98 
4218 10273.50 9744.32 -529.18 865.63 
mean 9961.34 10141.42 180.08 1040.22 
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SUMMARY 
The main objective of the study was to investigate the 
potential for using yield stability analysis as an 
additional tool to assist corn producers in the selection of 
hybrids for their area. The study used the the Iowa Corn 
Yield Test as the source of data on yield, percent moisture, 
and stalk lodging. Hybrids common to each of the five years 
of the study from 1982-1986 and each of the seven districts 
were used in the analysis. One-hundred seventy hybrids were 
analyzed by regressing the yield of hybrids from each farm 
and year within a district against an environmental index. 
The environmental index was calculated as the mean grain 
yield of all hybrids at each location within a district for 
the five year period. Approximately 25% of the hybrids 
compared were found to have a b value significantly 
different than one. Hybrids with a b value greater than one 
had a low yield stability and those with a b value less than 
one had a high yield stability. 
Hybrids were found to have both high and low stability 
in each district. The range of yield stability in the state 
of Iowa was from a low of 0.628 to a high of 1.334. In 
addition, hybrids were identified to have combinations of 
high stability and grain yield, high stability and low 
yield, low stability and high grain yield, and both low 
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stability and grain yields. Recommendation domains were 
indicated for growers in both eastern and western growing 
areas. 
Correlation coefficients of combinations of hybrid 
values for all combinations of four years of the test were 
determined against the b values for five years. These 
coefficients tended to be high because of the similarity of 
the data in common with the five years. In addition, when 
the b values for 1983 were included in any comparision, the 
correlation coefficients tended to be greater. It was 
observed that greater environmental variation increased the 
predictibility of the b values. 
The correlation coefficients of the b values for the 
combinations of years were regressed against the standard 
error of the environmental variation. Using 15 degrees of 
freedom from the minimum number of hybrids in a district, 
the number of environments required to predict the value of 
b was determined at the 99 % and 95% level of confidence. 
As environmental variation increased, fewer growing 
environments were required to accurately estimate yield 
stability (b value). 
The plant characters, hybrid maturity, and stalk lodging 
were regressed against the b values using linear, quadratic, 
and cubic regression to determine if a relationship existed 
between these characteristics and yield stability. While 
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examples of the relationship were determined to exist in 
Districts 3 and 5 for crop maturity, the remaining districts 
did not demonstrate such a relationship. Districts 3 and 5 
have more hybrids being tested than the other districts, 
which would give a greater range of hybrid maturities. 
Stalk lodging showed a significant relationship to yield 
stability in Districts 2, 3, and 6 for the quadratic and 
cubic regression models. However, a significant 
relationship was not detected for any of the three 
regression models in Districts 1, 4, 5, and 7. The data 
indicated lower b values to be associated with greater stalk 
lodging, which lends credence to the concern expressed by 
some crop breeders who associate yield reductions with 
greater stability. 
Data from the years 1984 and 1985 were used to estimate 
yields for the 1986 growing season. Districts 1 and 3, 4 
and 5, and 6 and 7 were combined to provide a greater number 
of environments for the prediction. The model, Y = a + bx, 
was used in the yield prediction. In this equattion, Y 
equaled the estimated yield for 1986, a and b equaled the 
mean intercept and slope for the years 1984 and 1985. The 
value of X equaled the mean environmental index from all 
locations within the two combined districts. It was 
determined that a low environmental variation for the years 
1984 and 1985 limited the usefulness of using this technique 
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as a means of estimating future yields. A greater 
environmental variation would improve the accuracy of using 
yield stability to estimate future yields. 
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